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XXIL Experiments relating to Pbhgiflott, and the feetriing Con- 
verjion of Water into Air, By Jofeph Prieftley, LL, D. 
P, R* S. ; communicated by Sir Jofeph Banks, Bart, P, R. S. 



Read June 26, J7S3. 

TO SIR JOSEPH BANKS, BART, P. R, S, 
BEAR SIR, 

AT the perfuafion of my friends, I beg you would lay 
before the Royal Society my late obfervations on Phlo- 
gijlon, and alfo on the feeming Converjion of water into air 9 
though I have by no means done all that I have in view with 
refpecT: to thefe fubje£ts. The principal^^ are, I think, fuf- 
ficiently ascertained, though I do not prefume to give any opi- 
nion with refpefifc to -the theory of them. 

I am, with the greateft reiped, &c. 
SirminghaBi, April, 21, 1.783, 
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Experiments relating to Phlog'Jlon. 

THERE are few fubjecls, perhaps none, that have occa- 
sioned more perplexity to chemifts than that of phlogifton, or, 
as it is fometimes called, the principle of inflammability . It- 
was the great difcovery of stahl, that this principle, what- 
ever it be, is transferable from one fubftance to another, how 
different foever in their other properties, fuch as fulphur, wood, 
and all the metals, and therefore is the fame thing in them all. 
But what has given an air of myftery to this fubjecl:, has been 
that it was imagined, that this principle, or fubftance, could 
not be exhibited except in combination with other fubftances, 
and could not be made to affume feparately either a fluid or 
folid form. It was alfo aflerted by fome, that phlogifton was 
fo far from adding to the weight of bodies, that the addition of 
it made them really lighter than they were before ; on which 
account they chofe to call it the principle of levity. This opi- 
nion had great patrons. 

Of late it has been the opinion of many celebrated chemifts, 
Mr. lavoisier among others, that the whole doctrine of phlo- 
gifton had been founded on miftake, and that in all cafes in 
which it was thought that bodies parted with the principle of 
phlogifton, they in fact loft nothing, but on the contrary, ac- 
quired fomething ; and in moft cafes an addition of fome kind 
of air ; that a metal, for instance, #was not a combination 
of two things, viz. an earth and phlogifton, but was probably 
a fimple fubftance in its metallic ftate ; and that the calx is 
produced not by the lofs of phlogifton, or of any thing elfe, 
but by the acquisition of air. 
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400 Dr. Priestley's Experiments relating to Phlogifton, 

The arguments in favour of this opinion, efpecially thofe 
which are drawn from the experiments of Mr. lavoisier 
made on mercury, are fo fpecious, that I own I was myfelf 
much inclined to adopt it. My friend Mr, kikwan, indeed, 
always held that phlogifton was the fame thing with inflam- 
mable air ; and he has iufficiently proved this from many expe- 
riments and Observations, my own as well as thofe of others, 
I did not, however, accede to it till I difcovered it by direct 
experiments, made with general and indeterminate views, in 
order to afcertaitv fomething concerning a fubject, which had 
given myfelf and others fo much trouble. 

I began with repeating the experiments in which I had found 
that inflammable air, made red-hot in flint glafs tubes, gave 
them a black tinge, and was in a great meafure abforbed, 
which I had difcovered to be owing to the calx of lead in the 
glafs attracting phlogifton from the inflammable air. As the 
quantity of air in thefe tubes was very fmall, though I gave it 
as my opinion, that the refiduum in one of the procefles was 
phlogifticated air, becaufe I perceived no marks of afcenfion on 
prefenting to it the flame of a fmall candle ; I was not, on 
recollection, fatisfied with this conclufion, and was defirous of 
repeating the experiment with more care, efpecially as, in one 
of the above-mentioned experiments, I found only a very 
fmall bubble of the inflammable air in the tube in which it had 
been heated. 

I found, however, great difficulties in repeating thefe expe- 
riments ; and the quantity of inflammable air operated upon 
in them is neceflarily fo fmall, that the refult is always liable 
to much uncertainty. I thought, therefore, that throwing 
the focus of a burning lens upon a quantity of pounded 
flint glafs, furrounded with inflammable air,, or rather 

on. 



and the feemlng Canverjion of Water inta Air, 40.1 

<on the calx of lead alone, in the fame circumftances,, would 
be a much, eafier experiment, and might bring . me . nearer to 
my objeCt ; and on making the experiment it immediately an- 
f we red far beyond my expectation. 

For this purpofe, I put upon a piece of a broken crucible 
(which could yield no air) a quantity of minium, out of which 
all air had been extracted ; and placing it upon a convenient 
ftand, introduced it into a large receiver, filled with inflamma- 
ble air, confined by water. As foon as the minium was dry, 
by means of the heat thrown upon it, I obferved that it became 
black, and then ran in the form of perfect lead, at the fame 
time that the air diminiflied at a great rate, the water afcending 
within the receiver. I viewed this procefs with the moft eager 
and pleafing expectation of the refult, having at that time no 
fixed opinion on the fubject ; and therefore I could not tell, 
except by actual trial, whether the air was decompofing in the 
procefs, fo that fome other kind of air would be left, or whe- 
ther it would be abforbed In toto. The former I thought the 
more probable, as if there was any fuch thing as phlogifton, 
inflammable air, I imagined, confifted of it, and. fomething 
elfe. However, I was then fatisfied that it would be in my 
power to determine, in a very fatisfadtory manner, whether the 
phlogifton in inflammable air had any bafe or not, and if it had, 
what that bafe was. For feeing the metal to be actually re- 
vived, and that in a confiderable quantity, at the fame time 
that the air was diminimed, I could not doubt but that the 
calx was actually imbibing fomething from the air ; and from 
its efteits in making the calx into metal, it could be.no other 
than that to which chemifts had unanimoufly: given the name 
of phhgifion. 
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Before this firft' experiment was concluded, I perceived, that 
if the phlogifton in inflammable air had any bafe, it muft be 
very inconfiderable : for the procefs went on till there was 
no more room to operate without endangering the receiver; and 
examining, with much anxiety, the air that remained, I found 
that it could not be diftinguifhed from that in which I began 
the experiment, which was air extracted from iron by oil of 
vitriol. I was therefore pretty well fatisfied that this inflam- 
mable air could not contain any thing befides phlogifton ; for 
at that time I reduced about 45 ounce meafures of the air to 
five. 

In order to afcertain a facT: of fo much importance with the 
greateft care, I afterwards carefully expelled from a quantity of 
minium all the phlogifton, and every thing elfe that could 
have aflumed the form of air, by giving it a red heat when 
mixed with fpirit of nitre ; and immediately ufmg it in the 
manner mentioned above, I reduced 101 ounce meafures of 
inflammable air to two. To judge of its degree of inflamma- 
bility, I prefented the flame of a fmall candle to the mouth of 
a phial filled with it, and obferved, that it made thirteen fepa- 
rate explofions, though weak ones ("flopping the mouth of the 
phial with my finger after each explofion), when frefh made 
inflammable air, in the fame circumftances, made only four- 
teen explofions, though ftronger ones. 

After this experiment I could not hefitate to conclude, that 
this inflammable air went totally, and without decompofition, 
into the lead which I formed at that time ; and if the neceflary 
circumftances of the experiment be confidered, it will be thought 
extraordinary that, even admitting this, the refult fhould be fo 
decifively clear in favour of it : for, in the firft place, the 
greateft care muft be ufed to expel all air from the minium, 
3 and 
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and it muft be ufed before it can have atttadted any from the 
atmofphere ; and in the next place, the water alio (a considera- 
ble quantity of which muft be ufed, and which will alfo be 
heated in the procefs) mould be made as free from air as poffi- 
ble. In thefe circumftances, had I found the fmall refiduum, 
of 2 ounce meafures from iox, to have been phlogifticated or 
fixed air, I mould not have been difappointed ; and it would not 
have prevented my concluding that pklogifton was the fame 
thing with inflammable air, contained in a combined ftate in 
metals, juft as fixed air is contained in chalk and other calca- 
reous fubftances ; both being equally capable of being expelled 
again in the form of air. 

Afterwards ufing a calx of lead, which had been prepared in 
the fame manner with the former, but which had remained 
fome weeks expofed to the air, I found, that when by ufing it 
I had reduced 150 ounce meafures of inflammable air to 10, 
this refiduum was phlogifUcated air. But examining this calx 
feparately, I found that it gave, by heat in a glafs veflel, a 
considerable quantity of phlogifticated air. 

I muft obferve, that the minium mould not be reduced to a 
perfectly compact glafs of lead ; for then it would be too re- 
fractory to be eafily revived by this procefs. Making ufe of 
fome of it, I found that I could only melt it; but that a co- 
pious black fume came from it, and coated the infide of the 
receiver : an experiment which I mall repeat and re-confider. 
I muft alfo obferve, that the lead which I procured in the 
above-mentioned procefs was not to be diftinguifhed from any 
other lead, and that the inflammable air was all procured from 
iron by oil of vitriol. 

When I made ufe of inflammable air from wood, I found, 
that though I was able to reduce minium with it, it was 
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effected with more time and difficulty. Forty ounce meafures 
of this kind of inflammable air I reduced to 25 ; when I found 
that the heat of the lens produced only glajs of lead, and no 
metal. The air was ftiif, however, inflammable ; and there 
was a fmall mixture of fixed air in it. This kind of inflam- 
mable air, which burns with a lambent flame, I have fome rea- 
fon to think, confifts of an intimate union of fixed air with 
that which is of the explojive kind extracted from metals. The 
refult of thofe experiments which I made with that kind of 
inflammable air which is collected in the procefs for making 
phofphorus, and which burns with a lambent yellow flame, 
was limilar to thofe which I made with inflammable air from 
wood, which burns with a lambent white flame. 

Having had this remarkable refult with inflammable air, I 
immediately tried all the other kinds of air in the fame man- 
ner ; but in none of them did I procure any thing from the 
minium befides glafs of lead, except in alkaline air, and vi- 
triolic acid air. In fixed air, nitrous air, phlogifticated air„ 
marine acid air, fluor acid air, as alfo in common and dephlo- 
rifticated air, I got no metal at all. In vitriolic acid air there was 
but a fmall quantity of lead produced, and I have obferved 
that this kind of air imparts a certain portion of phlogifton to 
common air, rendering it in fome meafure phlogifticated s 
though by no means in fb great a degree as nitrous air. Though 
nitrous air and phlogifticated air certainly contain phlogifton, 
they appear by thefe experiments to hold it too obftinately to 
part with it to minium in this procefs, though nitrous air quits 
k fo readily Co refpirable air. I would obferve, that there were 
fome peculiar appearances in the experiments I made to revive 
the calx of lead in thefe kinds of air in which the attempt did 
1 not 
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not fucceed ; but I mud repeat the experiments, and note the 
appearances more accurately, before I report them. 

In alkaline air lead feems to be formed from the minium as 
readily as in inflammable air, and indeed I thought rather more 
fo ; and this is a remarkable confirmation and illuftration of 
thefe experiments, in which, by taking the electric fpark in a 
quantity of alkaline air, I converted it into three times as much 
pure inflammable air; an experiment which, on account of 
the extraordinary nature of it, I have repeated many times- 
finee I firft publifhed the account of it, and always- with the 
feme refult. 

This experiment alfo throws fome light upon thofe in which, 
fjy fuper-phlogifticating iron with nitrous air, I produced a 
ftrong fmell of volatile alkali ; an experiment which I have 
alfo frequently repeated with the fame refult. The reviving 
of lead in alkaline air may alfo help us to conceive how all 
acids mould have an affinity both to phlogifton and to alkalies^ 
which have hitherto appeared to be things fo very different from 
each- other ; fince, from thefe experiments, it is probable that 
one of them is fome modification of the other, or a combina- 
tion of fomething elfe with the other. To trace the connec- 
tion between the alkaline and inflammable principles, is a cu- 
rious fubject ; and from thefe hints it may, perhaps, not be 
very difficult to profecute it to advantage. It is evident, how- 
ever, from the following experiments, that alkaline air is the 
compound and inflammable air, or phlogifton, the more fimple 
fubftance of the two. 

From 5I ounce meafures of alkaline air I got, by means of 
litharge, 17 grains of lead, befides fome that was diffolved in 
the mercury, by which the air was confined. There remained'' 
zi ounce meafures, which appeared, to be phlogifticated air, 
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and to have no fixed air in it. At another time, in eight ounce 
meafures of alkaline air I got 1 5 grains of lead, befides what 
was diilblved in the mercury, which feemed to be a good deal 
in proportion to it. It was obfervable, that there remained in 
this procefs 3! ounce meafures of phlogifticated without any 
mixture of fixed air in it, though the mafiicot which I ufed at 
this time gave by heat only a good deal of pretty pure fixed 
air. Thefe experiments with alkaline air well deferve to be 
refumed, and I mail not fail to do it at a proper opportunity. 

Having thus produced lead in inflammable air, I proceeded 
in my attempts to revive other metals from their calces by the 
fame means ; and! fucceeded very well with tin, bifmuth, and 
filver ; tolerably well with copper, iron, and regulus of co*» 
bait ; but not at all with regulus of antimony, regulus of ar- 
fenic, zinc, or the metal of manganefe. 

I was defirous alfb of ascertaining by this means the quantity 
of phlogifton that enters into the compofition of the feveral 
metals ; but in this I found more difficulty than I had expected ; 
and this arofe chiefly from the allowance that was to be made 
for the inflammable air which entered into that part of the 
calx which was only partially revived ; and it was not eafy to 
revive the whole of any quantity of calx completely,, 

After many trials, I think I may venture to fay, that an 
ounce of lead 'abforbs 100 ounce meafures of inflammable air, 
or perhaps fomething more ; for in one refult it feemed to have 
imbibed in the proportion of 108 ounce meafures. 

An ounce of tin abforbs inflammable air in the proportion of 
377 ounce meafures to the ounce. An ounce of copper from 
verditer abforbed 403 ounce meafures ; from a folution of blue 
vitriol, precipitated by fait of tartar, and afterwards made red- 
hot with fpirit of nitre, 640 ; but from blue vitriol itfelf 909 
4 ounce 



and the feem'ing Converjion of Water into Air. 407 

ounce meafures. In this cafe, however, much of the inflam- 
mable air went to the formation of the vitriolic acid air, the 
fmell of which was very perceivable in the courfe of the ex- 
periment. The copper that I made in this way was brittle, and 
therefore feemed not to be perfectly metalized ; but being fuzed 
with borax it became perfect copper, and, as I think, without 
any lofs of weight. 

Biftniith abforbed inflammable air in the proportion of 185 
ounce meafures to the ounce. The calx I ufed was a precipi- 
tate from the folution of this metal in fpirit of nitre. 

Iron I got from a precipitate of a folution of green vitriol by 
fait of tartar, moiftened with fpirit of nitre, and expofed to a 
red heat. This calx abforbed in the proportion of 890 ounce 
meafures of the inflammable air to an ounce of iron, which 
was in the form of a black powder; but to all appearance as 
much attracted by the magnet as iron filings. But it could not 
be expe£ted, thatperfe6t iron, containing its full proportion ot 
phlogiflon, mould be produced in this manner, fince inflam- 
mable air may be expelled from perfect iron in this very 
procefs. 

Silver I evidently revived from a folution of it in fpirit of 
nitre precipitated by fait of tartar, and alfo from luna cornea, 
A quantity of this laft fubftance abforbed 23 ounce meafures of 
inflammable air ; but I could not get any calx of filver free 
from fmall grains of the perfect metal, which was eatlly difco- 
vered by a magnifier, and therefore I could not afcertain the 
quantity of inflammable air abforbed by it. 

Small grains of regulus cobalt I produced from zaffre, and 
inflammable air was abforbed; ,but I did not eftimate the 
quantity. 
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A cn.ianti.ty of manganefe abforbed y ounce meafores-of m>- 
flammable air ; but I could not perceive any thing in it. which* 
had the appearance of metal- But I imagined It had: not heat. 
enough for the purpofe, and mixing with It lome calcined bo- 
rax, I repeated the experiment, when there was again an evi- 
dent abforbtion of air, and in the eourfe of that experiment,, I 
once thought that 1 did. perceive a imall globule of metaL 

Zinc and arjinie were only fublimed in this proeefs- The- 
fame was the cafe with the glafs of antimony ; but the experi- 
ment was attended, with this peculiar eircumilanse, that when; 
the glafs was melted in inflammable ait it formed 1 kfelf into- 
needle-like cryftals. arranged in a very curious manner, though'. 
I could, not produce that appearance in other kinds of ak\. 

Inflammable air being cleariy imbibed by the calces of me- 
tals, and thereby reviving them, is a. fufficient proof of its- 
containing what has been called phlogiflon ;, and its being ab- 
sorbed by them in toto,. without deeompolition, is- a. proof of its- 
being, nothing befides phlogifton in the form of: air r unlefs there 
fhould be fomething lolld depoiited from it at the lame time: 
that the proper phlogi-ilic part of it was absorbed... With re~ 
ipe£t to this,, 1 can only fay that, in- the courfe of the experi- 
ments, I did not perceive any tiling of the kind:; for though* 
in feme of the procefles there was a, black fmoke produced,, im 
others 1 could perceive nothing but part of the calx fubliming,. 
and clouding the glafs. On this account, however,. I could: 
not pretend to aicertain the weight of the inflammable air in 
the calx, fo as to prove that it had aeomked. an. addition; of 
weight by being metallized, which 1 often, attempted.. But 
were k poffible t.Q; procure a perfect calx, no. part of which; 
mould be fublimedand dilperied, by the heat neceffarily to-be; 
made "«ie oi.'m the procefs, I mould not doubt but that the 

quantity 
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quantity of inflammable air imbibed by it would fufficiently 
add to its weight. 

Befides the formation of metals from their calces, I had 
other proofs, and of a nature fufficiently curious, of inflam- 
mable air containing phlogifton, though perhaps not fufficiently 
conclufive with refpeS to its being wholly and limply phlogifton 
itfelf. Thus, by means of it, I was able to make pfyofpborus, 
nitrous air, liver of fulphur^ and fulphur itfelf, in all of which 
phlogifton is acknowledged to be a principal ingredient. 

Throwing the focus of the lens upon a quantity of that 
glafly matter which is made from calcined bones by oil of vitriol 
in inflammable air, fome of it was abforbed, and all the iniide 
of the receiver was covered with an orange- coloured fubftance, 
which had a ftrong fmell of phofphorus. I then wanted fun-fhine 
to. continue the experiment; but I was fatisfied that there was 
fufficient proof of phofphorus being actually formed in this 
manner. With alkaline air I fucceeded much better. 

In af ounce meafures of this air I produced, from the glafly 
matter mentioned above, 2 grains of phofphorus in one roafs, 
the veflel being only rilled with white fumes during the pro- 
cefs. One-fourth of the bulk of the air remained, and this 
was inflammable, burning with a yellow lambent flame, .exactly 
like that which is produced in the procefs for making phof- 
phorus. 

That nitrous air contains phlogifton is fufficiently evident, 
if there be any fuch thing as phlogifton : and I have farther 
proved, that it contains as much phlogifton, in proportion to 
its bulk, as inflammable air itfelf. I have now, however, the 
farther fatisfa&ion to be able to make nitrous air from its 
two conftituent principles, viz. nitrous vapour and inflamma- 
ble air. The moft eafy procefs for this purpofe is, to throw a 
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410 Dr. priestley's Experiments relating to Phlogijfm, 
frream of nitrous vapour into a large phial prev bully, filled 
with inflammable air. In this manner nitrous air is inftantly 
formed, and in great quantities ; but as this nitrous vapoiir. is- 
produced by the rapid folution of bifmuth in fpirit of nitre,, 
which at the fame time produces a quantity of nitrous air, the 
experiment, is not quite unexceptionable. I therefore attempted 
the fame thing in the following manner. 

Taking a quantity of what I have called a nitrated calx of 
lead, which I firft produced by uniting nitrous vapour to mi-> 
nium (in confequence of which, from being a red and pow- 
dery fubftance, it became white, compact, and brittle);, I placed 
it upon a ftand, in a receiver filled with inflammable air, and 
throwing the focus of the lens upon it, there was a diminution 
of the inflammable air, which amounted to about two-thirds 
of the whole, and during this time lead was revived from the 
calx. After this there was no more diminution of the air, or 
revival of the calx i and then examining what remained of 
the air, I found it to be all ftrongly nitrous : and, from, the cir- 
cumftances in which it was produced, it muft have been formed 
from the nitrous vapour contained in the calx, and the in- 
flammable air in the receiver. In order to afcertaln the purity 
of this nitrous air, I mixed it with an equal quantity of com- 
mon air, and found that they occupied the fpace of 1,32 mea- 
fures. Frefh nitrous air, made in the ufual way, and mixed, 
with common air in the fame proportion, occupied the fpace of 
1,36. This difference arofe not from any impurity in the ni- 
trous air, but from the mixture of the clcphlogifticated mr s 
which is alfo expelled from this calx by heat. 

Liver of fulphur was procured by throwing the focus of the 
lens upon vitriolated tartar in inflammable air, and it appeared. 
to be perfectly well formed, 

LafHy 3 
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Laftly, to produce fulp Jour, I threw the focus of the lens on 
a quantity of oil of vitriol, contained in an hollow earthen 
veflel, and evaporated it to drynels in a receiver filled with in- 
flammable air, in confequence of which the infide of the re- 
ceiver acquired a whitifh incruftation, which when warmed 
had aftrong fmell of fulphur; and repeating the procefs in the 
fame receiver, I was able, this fecond time, to fcrape off 
enough of the matter to put on a piece of hot iron, and to 
produce the genuine blue flame,, as well as the peculiar fmell of 
fulphur. 

I (hall conclude thefe obfervations on phlogifton with two 
articles ; one of which feems to contradict an eftablifbed maxim 
among chemifts ; and the other a former opinion of my own. 

It is generally faid, that charcoal is indeftructible, except by 
a red heat in contact with air. But I find that it is perfectly 
deftructible, or decompofed, in vacuo, and by the heat of a 
burning lens almoft wholly converted into inflammable air ; fo 
that nothing remains befides an exceedingly fmall quantity of 
white afhes, which are feldom vifible, except when, in very 
fmall particles, they happen to crofs the fun-beam, as they fly 
about within the receiver. It would be impoffible to collect or 
weigh them ; but, according to appearance, the afhes thus pro- 
duced from many pounds of wood could not be fuppofed to 
weigh a grain. The great weight of afhes produced by burn- 
ing wood in the open air arifes. from what is attracted by them 
from the air. The air which I get in this manner is wholly 
inflammable, without the leafl: particle of fixed air in it. But, in 
order to this, the charcoal muft be perfectly well made,, or with 
fuch a heat as would expel all the fixed air which the wood. 
contains; and it muft be continued till it yield inflammable air 
only, which, in an earthen retort, is foon produced. 

Wood:, 
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Wood, or charcoal, is even perfectly deftructible, that Is, 
refolvable into inflammable air, in a good earthem retort, and 
a fire that would about melt iron. In thefe circumftances, 
after all the fixed air had come over, I have feveral times conti- 
nued theprocefs during a whole day, in all which time inflam- 
mable air has been produced equally, and without any appearance 
of a termination. Nor did I wonder at this, after feeing it 
wholly vanifh into inflammable air in vacuo. A quantity of 
charcoal made from .oak, and weighing about an ounce, gene- 
rally gave me about five ounce meafures of inflammable air in 
twelve minutes. 

The fecond article that I fhall now mention affords an in- 
difputable proof of the generation of fixed air from dephlo- 
gifticated air and phiogifton, or inflammable air. I have feve- 
ral times given it as my opinion, that fixed air is a faBitious 
fubftance, and a modification of the nitrous and vitriolic acids, 
my former experiments greatly favouring that conclufion ; but 
that it was compofed of dephlogifticated air and phiogifton, 
though maintained by my friend Mr. kirwan, I was far from 
being fatisfied with, till I was forced to confent to his proof of 
it from my own former experiments, and gave him leave to 
mention it, as he has done in his late excellent paper on falts. 
But I have lately had two direct proofs of it by experiment. 

The firft was when, in repeating a beautiful experiment firft 
made by Dr. ingen-housz, but with fome variation, I was 
firing fome (havings of iron in dephlogifticated air confined by 
mercury, by means of a burning lens. In this way I quickly 
fired the iron, and it burned away in a very pleafing manner. 
But what ftruck me mod was, that, of the air that remained, 
,? eonfiderahle portion was fixed air, though in the receiverl had 
nothing but the pureft dephlogifticated air, together with the 
'-} iron, 
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Iron, which could only give inflammable air. I would obferve, 
that the melted iron formed itfelf into large balls, which ap- 
peared to be a mere Jlag or glafs, and was no longer iron. 

Afterwards, to put this hypothecs concerning the confli- 
tuent principles of fixed air to a more direct proof, I mixed 
iron filings, which gave only inflammable air, with red preci- 
pitate, which I found to give nothing but the pureft dephlo- 
gifticafced ; and when I heated them in a coated glafs retort, 
they gave a great quantity of fixed air, in fbme portions of 
which nineteen-twentieths were abfbrbed by lime-water ; but 
the refiduum was inflammable, However, when I mixed with 
iron filings a quantity of powdered charcoal,, which 1 had: 
found to give only inflammable air, the fixed air produced from: 
it was fi> pure, that only one- fortieth part of it remained un- 
abforbed by water ; fo that this, fixed air was as pure as that 
which is generally procured from chalk by oil of vitriol. 

It appeared, in fome of thefe experiments, that three ounce 
meafures- of dephlogiftieated air go- into the composition of two. 
ounce meafures of fixed air. For one ounce of this red preci- 
pitate gave 60 ounce meafures of dephlogiftated air ; and when; 
mixed with two oianees of iron filings, it gave about 40 ounce 
meafures of fixed air that were actually abforbed by water, be- 
fides a refiduum that was inflammable. 1 had the fame pro- 
portion when I ufed haff an- ounce of each of the materials. 
But when I ufed one ounce of each, I got only 20 ounce mea- 
fures. of fixed air, including the refiduum. At other times I; 
had different propositions with, different quantities of iron filings 
and charcoal. 

I cannot conclude thefe obfervafions without taking notice,: 
how very valuable an inffcrument in philofophy is a good burn- 
ing leas. This, muff have been perceived in many of my 
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former experiments, but more efpecially in thefe. By no other 
means can heat be given to fubftances in vacuo, or in any other 
kind of air befides atmofpherical ; and without fome method of 
doing this, no fuch experiments as thefe can poffibly be made. 
I therefore congratulate all the lovers of fcience on the fucceff- 
ful attempt of Mr. parker to execute io capital an inftrument 
as he has done of this kind. Such fpirited and generous exer- 
tions reflect honour on himfelf and on our country. It is only 
to be wifhed, that we could have lenfes of a fmaller frze (viz. 
from 12 to 1 8 inches diameter) made tolerably cheap, fo that 
they might be in more common ufe. All my experiments 
were made with one of 1 2 inches in diameter. 



Experiments relating to thefeeming Converfion of Water into Air. 



SINCE manyperfons have expreflfed a wifti to be acquainted 
with the experiments I have lately made, which at firft feemed 
to favour the idea of a converjion of water into air, but which 
terminated in the difcovery of a fact, in my opinion, ftill more 
extraordinary, I mail fubmit to the Royal Society the refult of 
the obfervations I have already made ; though, as yet, I have 
by no means been able to fatisfy myfelf to fully as I could wihh 
with refpect to fome particulars connected with the fubject. All 
the fafti which I mall Irate may be depended upon ; but it is 
probable, that different perfons may draw different conclufions 
a from 
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from them ; and to mere opinions I have never fhewo myfelf 
much attached. 

Having formerly obferved feveral remarkable changes in fluid 
fubftances, in confequence of long expofure to heat in glafs 
veflels hermetically fealed (of which an account may be feeti 
in the fourth volume of my Philofophical Obfervations) ; I 
then formed a defign of expofing all kinds of folid fubftances 
to great heats, in a iimilar ftate of confinement j and for that 
purpofe provided myfelf with a caft-iron veflel, which I could 
clofe at one end, like a digefter, and of fuch a length, that 
one of the ends might be red-hot, while the other was fuffi- 
ciently cool to be handled. To this end there was a cock 
connected to a tube, by means of which I could let off fteam, 
or air, in any period of the procefs. 

I imagined, that when fubftances confifting of parts fo vola- 
tile as to fly off before they had attained any confiderable degree 
of heat, in the ufual prefl'ure of the atmofphere, were com» 
pelled to bear great heats under a greater prefTure, they might 
aflume new forms, and undergo remarkable changes, fimilar to 
what we may fuppofe to be the cafe within the bowels of the 
earth, where, by means of fubterraneous fires, various fub- 
ftances bear great heats under very great preflures. 

I have had this inftrument fome years ; but It was fo ill con- 
ftru&ed, that I could not make the ufe of it that I had origi- 
nally intended. I therefore lately fitted up fome gun-barrels 
in the fame manner, and made my firft experiment with lime- 
ftone; expecting, that when the fixed air, and other volatile 
matters, that might be contained in it, mould be compelled to 
bear a red heat, without a poflibility of making their efcape, the 
fubftance itfelf might undergo fome change ; but I had no 
particular expectation concerning the nature of that change. 
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I had, however, been fo often favoured with valuable remits 
from merely, putting things into new fi fixations, that I was 
encouraged to make the experiment ; but I found an unexpected 
difficulty in getting a cock that would be air-tight and fleam- 
tifht under fo great a preffure as I whhed to apply. 

I was mentioning thefe ideas to Mr. watt, in whofe neigh- 
bourhood I have the happinefs to be fituated, when he men- 
tioned a (imilar idea of his, viz. that of the poffibility of the 
converiion of water, or fleam, into permanent air ; faying, 
that fome appearances in the working of his fire-engine had 
led him to expect this. He thought that if fleam could be 
made red-hot, fo that all its latent heat (hould be converted 
into feniible heat, either this or fome other change would 
probably take place in its conflitution. The idea was new to 
me, and led me to attend more particularly to my former pro- 
jects of a fimilar nature, and I began with lime-ilone, wifh- 
ing to try the effect of giving a red heat -to lime in which water 
only fhould be previoufly combined, thinking it might poffibly 
have the fame effect with making the water itfelf red-hot. 

Accordingly, I took a quantity of well calcined lime, and mix- 
ing witli it a little water, out of which all air had been carefully 
boiled, I expofed it gradually to a flrong heat in an earthen 
retort, fuch as I had been ufually fupplied with by Mr. Wedg- 
wood (who is as much diflinguiflied by hisdove and generous 
encouragement of fcience, as he is by his improvements in his 
own curious art), not imagining that it could make any dif- 
ference whether the lime, fo prepared, mould receive its heat 
in an earthen retort, or in a veffel of iron or glafs. Proceed- 
ing, however, in this manner, I found that nothing came over 
in the form of Jieam, but that there was a : great quantity of ah\ 
feveral hundred times more than the bulk of the water, and at 
5 that 
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that time there was in it a confiderable proportion of fixed air, 
which I imagined might either be that which had not been 
fufficiently expelled before, or might be compofed of feme 
phlogiftic matter contained in the lime, and the purer air that 
was yielded by the water : for I own I then concluded, that the 
air which I got (and which, when the fixed air was extracted 
from it, was fuch as a candle would juft burn in) came from 
the water, efpecially as in. feme of the proceffes, the weight of 
the air I caught was very nearly, if not quite equal to that of 
the water, and interpofing a large giafs balloon between the 
retort and the recipient for the air, I obferved that it remained 
perfectly cool and dry during, the whole procefs ; and feveral 
hours afterwards there was not the leaft moifture' condenfed in 
it. I alfo received a quantity of another produce of air made 
in this manner in mercury, and having viewed it with the 
greateft attention, obferved that, after feveral days, it never 
depoiited the leaft moifture. 

I then calcined a quantity of natural lime-ftone with this 
glafs balloon, interpofed in the fame manner, and found no 
water, but only air to come from it, though the ftone is gene- 
rally fuppofed to contain water. But when I ufed much more 
than half an ounce ,of water to the quantity of whiting of 
lime above-mentioned, I always had feme water come over, 
though very little in proportion to the quantity made ufe of. 

I did not fail to examine whether there had been any lofs in 
the weight of the lime, or whiting, in order to determine 
whether any part of thefe lolid fubftances had entered into the? 
compofition of the air ; but I found much difficulty in weighing 
them with exa£tnefs, after making them out of an earthen re- 
tort, into which I could not fee, and to which part of thefe 
earthy matters often adhered, fo that I could not obtain much 
fatisfadion even when I broke the retort. Befides, there was 
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always fome lofs of the earth in the cloudinefs of the air, 
whenever the production of it was rapid. In a future procefs I 
had abundant proof that the air did not come from any earthy 
matter with which the water had been combined. 

Hitherto I had no idea but that all that was neceflarv to the 

•J 

conversion, as I concluded it to be, of water into air, was to 
give it a red heat, without which it would not quit the calca- 
reous earth ; and I imagined by this means the matter or prin- 
ciple of heat was fo intimately combined with it, as not to be fe- 
parated from it by cooling, as in the cafe of fleam. But I, as 
well as all my friends, was a long time utterly difconcerted 
"upon finding that when I put the whiting and water into a 
coated glafs retort, the water came over in the form of fteam, 
and little or no air was produced. The refult was alfo the fame 
when I made the procefs in a gun- barrel, in a porcelain retort, 
or even in an earthen retort glazed in the infide. 

That the earth had not loft its property of doing its part in 
the bufinefs, I found by putting more water to the fame whiting 
which had failed in the glafs retort, and which had been ufed 
no lefs than four times before, and then heating it in an 
earthen retort ; when again it gave air only, and no water, the 
lame as before. And at this time I obferved, that part of the 
air was hardly to be diftinguimed from that of the atmofphere. 

I cannot exprefs my furprife at my unexpected failure with 
the glafs retort ; and my Speculations on the fubjecl: were va- 
rious, but at that time altogether ineffectual. Among other 
things it occurred to me that, poffibly, fome phlogifton, either 
contained in the earthen retort, or coming through it (though 
1 could not tell how, or on what principle) from the fire, might 
be necefiary to water, and all other fubftances, affuming the 
form of air. But when, with this idea, I put fpirit of wine, 

oiL 
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oil, or iron-filings to the lime, I got nothing from thefe mix- 
tures in glafs retorts belides fleam and inflammable air, from, 
the decompofition of thefe fubftances containing phlogiflon. 

That there was nothing in the materials of which the 
earthern retort was made that neceflarily produced the air, was 
evident from my not fucceeding when I pounded a broken 
retort, and heated it, mixed with water, in one of glafs. 

Being fatisfied that the production of air depended very much 
upon the retort itfelf, I thought of ufing the retort only with 
water, but without any lime, or earthy fubftance ; and I found 
it fucceed flu* beyond my expectation. For when I put a fmall 
quantity of water into one of thefe retorts, and endeavoured to 
diftil it gently, I never failed to procure about an hundred ounce 
meafures of air ; and this I could do as often as I pleafed, with 
the fame retort, and without its lofing any weight; and the air 
produced in this manner had never any portion of fixed air in 
it, and was always but very little inferior to that of the 
atmofphere. 

In all thefe procefies I obferved, that very little of this air 
was procured till all the water that could be poured out of the 
retort was evaporated, for the difference in the produce was 
very little, whether I expofed the retort to the fire quite full of 
water, or with only about an ounce meafure of water in it, or 
even after letting it remain full for a fhort time, and then pour- 
ing out all that I could from it ; fo that it was only that water 
which was entangled, as it were, in the pores of the retort, 
and which had been in fome meafure united to the fubftance of 
it, that had contributed to this production of air. 

Thefe retorts (which Mr. wedgewood informs me are made 
of a mixture of frefh and of burnt Devonlhire pipe clay) are 
pervious to water, though not to air; fo that while the air is 

produced 
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produced from that water which has entered the pores, the reft 
is fometimes vifibly making its efcape in the form of a copious 
fmoke on the outfide. It was evidently impoffible, however, 
and contrary to all the laws of hydroftatics, that air fhould 
enter bv the fame pores by which the water or fteam was efcap- 
iug, and at the fame time that its endeavour to force its way- 
out of the retort was iuch that it overcame a coniiderable re- 
fiftance from the column of water, at the mouth of my reci- 
pients. Air might have efeaped through any unobferved pores 
in the retort, but none could have entered that way : and if 
there was the lead fenfible crack in any part of the retort, I 
was never able to collect any air at all. 

But the following experiments may, perhaps, mew that it 
is fufficient for the production of air that fteam come into con- 
tact with clay fufficiently heated. Between a copper ftill and 
the glafs tube communicating with my recipient for air, I in- 
troduced the ftem of a tobacco-pipe \ and by, means of a fmall 
furnace, I kept about three inches of the middle part of it 
moderately red-hot. In this ftate, making the water boil, I 
uniformly received air, though mixed with fteam, at the rate 
of five ounce meafures in twelve minutes for more than an 
hour ; but when I let the pipe cool, nothing but fteam was de- 
livered by it without any air at all. There was no fixed air in 
this produce,, and it was all fuch as a candle would hardly have 
burned it. It might, I thought, have been better and alfo 
more in quantity if I had not ufed the ftem of a foul pipe. But 
when I ufed a clean pipe in the fame manner, I did not find 
the air much, if at all improved. Sufpecting this to arife from 
the near contact of the fuel, I inclofed the tobacco-pipe in an 
earthen tube., and then I had air as good as I had generally 

got 
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got in the earthen retort, and not much worie than that of the 
atmofphere. 

Another circumftance I obferved was, that if the outride of 
the veflel which contained the water or fleam, through which 
it paiTed, when the requifite heat was applied to it, was not 
dry, or perhaps furrounded with good air (for in thofe circum- 
stances the following experiment differs from the preceding 
ones) the experiment did not fucceed. 

When I put the ball of an earthern retort, filled with moifr. 
clay, into an iron digefter, and applied heat to it, I get only a 
very little fixed air, which. was probably compofed of a fmall 
quantity of air beginning to be produced from the materials 
and inflammable air from the veflel. All that come over be- 
tides was fleam, and at laft inflammable air, from the veflel 
kfelf. 

Being now able to procure air by means of water in this 
mofl: limple method, viz. by water only in the earthen retort, 
I had an opportunity of afcertaining, with great eafe and exact- 
nefs, feveral circumftances relating to the procefs, and of ob- 
viating, as I thought, fome objections to the conclufion that I 
had drawn from it. Among other things I fully fatisfied my- 
felf that the earth of the retort contributed nothing at all to 
this production of air, but the water only : for having ufed the 
fame retort till I had got from it nearly an ounce weight of air, 
or 800 ounce meafures, I found that it had not loft, fo much as 
a fingle grain in weight. After the firft procefs it weighed jufr. 
three grains more than it did at firft, and it continued to weigh 
the fame till after the laft procefs. This fmall addition of 
weight might eafily have come from a little of the water hav- 
ing been imbibed by the neck of the retort, where the heat of 
the, fire could not reach it. When all the procefles were over, 
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I kept the whole retort in a red heat for feveral hours, and then 
found that, befides lofing thofe three grains, it weighed eight 
grains lefs than it did at firft. 

Before this I had found, that the calcined whiting which I 
had ufed in the firft experiment could not, as fome fuppofed, 
attract from the atmofphere any confiderable part of the air 
which I got from it, after combining water with it : for two 
ounces of the whiting (which was the quantity which I gene- 
rally made ufe of) did not attract more than eight grains of 
any thing when it was expofed a whole day in an open dilh ; 
though it had loft more than half its weight in calcination. 

It has been imagined by fome, that the air which I got in 
thefe earthen retorts was that which had been attracted from 
the atmofphere by the infide furface of them. But, befides 
that no air could ever be produced without water, to obviate 
this objection more particularly, when one of thefe retorts 
was giving its laft portion of air, I immerfed the mouth of it 
in a bafon of water ; and letting it cool in that fituation, filled 
it again without admitting any accefs of air to the infide ; and 
yet, on repeating the procefs with it, the air was produced juft 
as freely as before. This operation I repeated feveral times. 
If it be faid, that the outfide of the retort attracted the air, frill 
the infide, being compofed of, the fame materials, muft have 
attracted air alfo ; and it would have appeared by the afcent of 
the water from the bafon, the retort being fufficiently imper- 
vious to air. 

By fome it was imagined, that either the air itfelf that I 
procured, or at leaft the power of the retort to contribute to 
the production of it, was owing to fomething that was tranf- 
mitted from the burning coals, but which could not pafs 
through glafs or metals. To determine this, I took an earthen 
6 tube, 
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teibe, of the fame compofition with the retort, and putting a 
little water in it, placed it, furrounded with fand, in a glafs 
veflel, and this again, furrounded alfo with fand, in an iron 
©ne ,'; and yet the heat tranfmitted through all thefe fubftances 
enabled ithe earthen -tube to give air, in the fame proportion, 
and of the fame quality, as it would have done if it had been 
expofed to the naked fire. 

Having now .procured air, by means of a water, iu a very 
fimple and, as I thought, an unexceptionable manner, 1 wifhed 
t© make it in greater quantities in jprqportion to the water cm- 
ployed; and for this purpofe I firft thought of increafing the 
fiae or the thicknefe of the porous retorts;; but I thought it might 
anfwer as well if I put into the retort, in powder, the materials 
of which they were made, or other fubftances of the fame kind. 

Accordingly, by mixing ground flint and clay in various 
proportions, I prefently increafed the quantity of air much be- 
yond my expectation. In the firft trials, in which I had much 
flint and a little clay, I never failed to get 200 ounce measures 
of .air from one of water. Then, ufing more clay and lefs 
flint, I had ftill more air ; and at laft, leaving out the flint 
altogether, and ufing clay only, I never failed to get muck 
more than 400, and generally between 5Q0 and 6.00, ounce 
meafures of .air from one of water, which wa$ about three- 
fourths of the weight of the water; and in one particular pro- 
cefs I procured very little lefs than nine-tenths of the weight 
of the water in air, and this air was never much lefs pure than 
that of the .atmofphere. Sometimes it could not be diftinguifhed 
at all from it at all by the teft of nitrous air ; and once or twice 
I thought it even purer than that of the atmofphere. 

I muft here obferve, that I found it not convenient to put fo 
much water to any quantity of clay as would make it cohere 
in one mafs, but only fo much as that it mould remain in the 
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form of powder. By this means it would eafily pour out of 
the retort when the experiment was over. 

The weight of the water expended in this produ&ion of air 
I afcertained, in the mod unexceptionable manner, by weigh- 
ing the retort, with all its contents, before and after the pro- 
cefs. I (hall explain this by the refult of two of the proceffes. 
fn one of them, the retort and moiftened clav together loft in 
weight 1 oz. 4 dwts. 12 grs. after yielding 741 ounce meafures 
of air, which (in the proportion of fix grains to one ounce 
meafure) would have weighed 18 dwts. 12 grs. and confe- 
quently three-fourths of the weight of the water. 

In the other procefs the lofs of weight was 15 dwts. 18 grs. 
after yielding 556 ounce meafures of air, which would have 
weighed 13 dwts. 21 grs. The proportion, therefore, between 
the weight of the air and that of the water was 1 1 1 to 116, 
or nearly nine to ten. 

I alfo found now, that fo much heat as I had hitherto ap- 
plied was neither neceflary nor ufeful. In the laft mentioned 
proceTs the retort was conftantly fufpended about fix inches 
above a moderate charcoal fire ; at another time more than 
twelve or fifteen inches above it, where a Fahrenheit's 
thermometer did not fhew more than 210 . With this 
moderate heat I got 465 ounce meafures in the courfe of 
about twelve hours. When the retort was fufpended within 
fix inches of the fire, the air was generally produced at the 
rate of 30 ounce meafures in five minutes. But a thermome- 
ter, the bulb of which was immerfed in the clay, was ftill 
only at the heat of boiling water. 

In all thefe procefTes, however, there was evidently fome 
lofs of water ; for, excepting the firft. experiment with the 
lime, I never got the whole weight of the water in air; and 
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it might be laid that I only expelled the air before contained in 
the water, though from thefe experiments it appeared to con- 
tain much more air than it had been thought capable of con- 
taining. To obviate this objection, I contrived to catch all the 
water that efcaped through the pores of the retort in the fol- 
lowing manner. 

Having put the moiftened clay in an earthen tube, to which 
I had fitted a cock and a long glafs tube (by means of which I 
could collect all the air that came from it), I put this within 
an iron tube, which was clofed at th« end next the fire, but 
open at the other end, and fo long that I could eafily keep this 
open and quite cool while the other was in the fire; confe- 
quently, whatever water efcaped through the pores of the 
earthen tube, it would be condenfed in the cool part of the iron 
one. This water I carefully collected, and always found that 
the weight of it, together with that of the air produced in the 
experiment, was nearly that of the original weight of the 
water, eftimated by the lofs of weight in the earthen tube and 
its contents. I alfo found, that the water fo collected ferved 
for the production of more air, juft as well as any other water 
whatever, fo that there had been no decompofition of the water 
in the cafe. 

In the laft procefs that I went through of this kind, the 
lofs of weight in the earthen tube, or rather of the water con- 
tained in it, was 12 dwts. 4 grs. ; the air collected was 173 
ounce meafures, which would have weighed 4 dwts. 3 grs. and 
the water which efcaped through the pores of the earthen tube, 
and which I collected, was nearly 8 dwts. 3 grs. ; fo that the 
air and this water together weighed 1 2 dwts, 1 4 grs. or ten 
grains more than the original water. But as I eftimated the 
weight of the water only by the fpace which it occupied in a 
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cylindrical glafs tube, divided according to ounces and parts of 
ounces of water, it was not eafy to avoid an error of a few 
grains. At other times there was an error of a frnall magni- 
tude on the other fide. But it will appear hereafter, that more 
fteam mull have efcaped invifihly at the open mouth of the 
iron tube than I was aware of. 

That nothing could enter by the pores of the retort at the 
fame time that the water was making its efcape out of them, I 
thought I afcertained pretty fatisfactorily by immerfing the 
bulb of it in mercury, contained in an iron vefTel. In thefe 
circumftances I obtained air as ufual, only the produce was not 
do rapid. In this way, however, I procured above an hundred 
ounce meafures of air from moiftened clay ; and I difcontinued 
the procefs without perceiving any termination of it, But the 
moment the retort was raifed out of the mercury, it gave air 
three times as faft as it had done before. The quality of the 
air was the fame in both cafes, viz. a little worfe than that of 
the atmofphere. 

I even collected thirty ounce meafures of air when the bulb 
of the fame retort was immerfed in hot linfeed oil, but the pro- 
duction of air gradually ceafed, and the next day I found the 
retort almoffc full of the oil, which had foaked through it. 
Diftilling this oil I get 300 ounce meafures of air, wholly in- 
flammable, except a very few ounce meafures at the laff, which 
were only phlogifticated. 

Still hearing of many objections to the converfion of water 
into air, I now gave particular attention to an experiment of 
Mr. cavendish's, concerning the re-converfion of air into 
water, by decompofing it in conjunction with inflammable 
air* And in the firffc place, in order to be fure that the wa- 
ter I might find in the air was really a conflituent part of 
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if, and not what it might have imbibed after its formation, I 
made a quantity of both, dephlogifticated and inflammable air 
in fuch a manner as that neither of them mould ever, come into 
contact with water, receiving them as- they were produced in 
mercury;, the former from nitre, and in the middle of the 
procefs (long after the water of crystallization was come over), 
and the latter from perfectly- made charcoal. The two kinds, 
of air thus produced I decompofed by firing them together by 
the electric explofion,. and found amanifefl depofition of water, 
and to appearance in the fame quantify as if both. the. kinds of 
air had been previoufly confined by water.. 

In. order to judge more accurately of the quantity of" water 
fo depofited, and to compare it with the weight of the air de- 
compofed,. I carefully weighed a piece of filtering paper, and' 
then having wiped, with it all the infide of the glafs veilel in: 
which, the air had been decompofed,, weighed it again, and I 
always found, as nearly as I. could judge, the weight of the 
decompofed air in the moifture acquired by the paper.. 

As there is a fource of deception in this experiment,, in the 
fmall globules of mercury,, which are apt to adhere to the infide 
of the glafs vefiel, and to be taken- up by the paper with which, 
it is wiped, I fometimes weighed the paper with the moifture. 
and the mercury adhering to it ; and then expofing it in a warm: 
place, where the water would evaporate, but not the mercury, 
weighed it again, and ft ill. found,, as nearly as I could pretend 
to weigh, fo fmall a matter,, a lofs of weight equal to that of 
the air. I wifhed, however, to. have had a nicer balance for. 
the purpofe : the refult was fuch as to afford aftrong prefump- 
tron that the air was re-convcrted into water, and therefore 
that the. origin of it had been water. 

Another." 
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Another prefumption in favour of the generation of 
atmofphere from water was, that the purity of the air that I 
produced from it is fo very nearly the fame with that of tiic 
atmofphere. And the degreefbf heat requifite to produce it is 
"no greater than may be given by the rays of the fun in certain 
circumftances. Subterraneous fires, however, would be abun- 
dantly fufficient for the purpofe, as it appears to be fufficient 
for the converiion of water into refpirable air, that it come 
into conta£t with clay, and perhaps many other earthy fub- 
ifances in the form of vapour. I muff, however, obierve, 
that when I threw the focus of a burning lens upon a quantity 
of mold, clay, either in vacuo, or in common air, I got no air 
from it. 

I made this experiment both with the clay expofed in an 
open dim, and alfo confined in a fhort earthen tube. Had I 
then proceeded to repeat this lafl procefs with a communica- 
tion between the infide of the earthen tube and the external 
air, as I then propofed to do, but was prevented, I mould much 
fboner have difcovered what I <lid afterwards, viz. that there 
was no real converfion of water into air in this procefs. In 
favour of which, however, it may not be amifs to obferve, 
that the great difficulty Mr. de lug and others have found in 
expelling all air from water, is bell: accounted for on the fup- 
poiition of the generation of air from water, though in other 
'circumftanees than thofe that I have obferved. I have the 
pleafure to add, that Mr. de luc himfelf concurs with me in 
this opinion. 

The difficulty that flrikes many perfons the moff forcibly, is 

the want of analogy between the converfion of water into air 

with any other known facts in philofophy or in nature. But 

admitting that this converfion is effected by the intimate union 

J of 
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■of what is called the principle of heat with the water, it ap- 
pears to me to be fufficiently analogous to other changes, or 
rather combinations of fubftances. Is not the acid of nitre, 
and alfo that of vitriol, a thing as unlike to air as water is, 
their properties being as remarkably different ? And yet it is 
demonstrable, that the acid of nitre is convertible into the 
pureft refpirable air, and probably by the union of the fame 
principle of heat. 

It is true, that fteam is a thing very different from air, and. 
I find that it is not able to decompofe nitrous air ; but then, 
though it has acquired fenfible heat, it has got no latent heat fo 
intimately combined with it as it is with air ; and for the fame 
reafon, perhaps, the vapour of nitrous acid is not dephlogifti- 
cated air. 

By the fame procefs by which refpirable air is made by 
means of water, inflammable air may be made from liquid 
fubftances containing phlogifton. Making fpirit of wine to boil 
in a glafs retort, I made the vapour pafs through the ftem of a hot 
tobacco-pipe, and found that it was all feemingly converted 
into inflammable air, and it was of that kind which burns with 
a lambent white flame. But when I let the pipe cool no air 
%vas produced, but only vapour, which was inftantly con- 
den fed in the water. 

Being now mafter of a new and eafy procefs, I was willing 
to extend it to other liquid fubftances ; and I prefently found, 
as I then imagined, that, by this means, I could give a per- 
manent aerial form to any liquid fubftance that had been pre- 
vioufly thrown into the form of vapour. 

When I made the vapour of fpirit of nitre, heated in a 
glafs retort, pafs through the ftem of the hot tobacco-pipe, I 
got as pure dephlogifticated air as ever I have procured from 
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nitre ; though the cork, by which the retort was conne&ed 
with the pipe, was diffolved, and mull have contributed to 
contaminate it, and give it a flight mixture of fixed air. 

With oil of vitriol I got air considerably phlogiflicated, fo 
that a candle would not have burned in it ; but this 1 alio attri- 
bute to the cork, which was diffolved in the procefs. The re- 
fult was nearly the fame when I ufed water impregnated with 
vitriolic acid air, though the cork was not diffolved. But this 
acid is known to contain much phlogifton. 

Spirit of fait gave air no purer than the heft atmofpherical 
air. But as by this procefs I never got air fo pure as this from 
water only, I concluded, that even this acid, as well as the 
nitrous and vitriolic, is capable of being turned into dephlo* 
gifticated air. 

When I ufed water impregnated with fixed air, this air was 
expelled by the heat, and came over without any change that I 
could perceive, except that the refiduum was larger, from the 
water that came along with it. The air I got afterwards was 
only that from the water, and of the fame quality as if it had 
not been impregnated with fixed air. 

Water impregnated with alkaline air gave neither fixed nor 
inflammable air, which I had rather expected, but only air 
considerably phlogiflicated j though fome of it was fo pure 
that a candle would have burned in it. 

N. B. In all thefe experiments with the tobacco-pipe all the 
air was remarkably turbid, like milk, and even the common air 
in the retort before the procefs properly began. 

In this ftate of the experiments I think I may venture to 

fay, that no perfon could have feen them without concluding 

that there was a real converfion of water into air, there being 

no known principle or fadr. in philofophy, that could have led 
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any perfbn to fufpe& a fallacy in the cafe. In this, therefore* 
I muft have acquiefced, as indeed did all my acquaintance, 
even thofe who had been the mod incredulous on the fubject, 
after they had themfelves feen the experiments. But I was led 
to the farther profecution of this bufinefs, in confequence of 
having obferved that the purity of the air which I procured de^ 
pended upon the ftate of that which was immediately conti* 
guous to the earthen retort, or tube, in which I fuppofed the 
'conversion to have been made ; and that fome communication 
with the atmofphere was neceflary to the production of any 
air, as in the experiment with the digefter, and thofe with the 
clay and the burning lens. And fince pure external air was 
neceflary in order to procure good air, it was concluded by 
feveral of my friends, and efpecially Mr. watt, that the ope- 
ration of the earthen retort was, to tranfmit phlogiflon from 
the water contained in the clay to the external air ; and that the 
water, thus dephlogifticated, was capable of being converted 
into refpirable air by the intimate union of the principle of 
heat. 

In order to afcertain what the influence of the external air in 
this cafe really was, I inclofed an earthen retort filled with 
moiftened clay in a large glafs receiver, open at both ends, through 
the upper orifice of which (being narrow) I thruft the neck of 
the retort, luting it fo as to be perfectly air-tight; and placing 
"the receiver in a bafon of water, by which the air within was 
cut off from all communication with the external air, 1 fitted 
to the mouth of the retort a glafs tube, through which I could 
receive whatever was produced in the procefs. In this fituatioa 
I heated the retort by means of Mr. Parker's excellent burn- 
ing lens, when air was received through the tube communi- 
cating with the inncle of the retort as ufual ; but at the fame 
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time the water role within the receiver. This effect might he- 
owing to a phlogiftication of the air within the receiver ; but 
it was.foon diminished far beyond the utmofr. limit of that pro- 
cefs, fo that very little of .it remained ; and examining this air, 
I found it to be but very little worie than that of the atmo.- 
fphere, as that which came from the retort was a little better. 

This experiment made it probable, that the air on the outfide 
of the receiver had actually palled through it, only a little pu- 
rified in its paffage ; and yet it was contrary to all the known 
principles of hydroftatics, and even any thing hitherto known 
in chemiftry, that air mould be tranf mitted through a veffel of 
this kind, and in a direction contrary to that in which it would 
have been forced by the preffure of the atmofphere ; while the 
water, with which the clay was moiftened,, went the other 
way. For had the retort been pervious to air, as the infide 
had a free communication with the atmofphere, the water 
could not have rifen within the receiver. This, however, ap- 
peared to be the cafe by the following decifive experiments. 

Having filled the earthen retort with the moiftened clay as 
before, I made the infide of the receiver perfectly dry, and 
placed it in a bafon of mercury ;. when, upon, heating the 
retort as before, the receiver was all covered with dew, which 
collecting into drops trickled down the infide of the receiver* 
and remained upon the mercury, which rofe within the re- 
ceiver, while air was received from the retort as ufual. I had 
no doubt, therefore, but that all the water within the retort 
would have got through into the receiver. Spirit of wine, or 
fomething that had the fmell of it, was transmitted from the- 
clay through the retort in the fame manner. 

I then filled the receiver with inflammable air, and upon 
heating the retort it was all drawn through it 3 , and delivered 
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as ftrongiy inflammable as ever by the tube communicating 
with the infide of it, while the water rofe within the receiver, 
and even covered the retort, which was fixed at the very top 
of it, fo that hardly any of the inflammable air remained 
within it. In like manner nitrous air paffed through the retort 
unchanged. 

From thefe 'experiments it is impoffible not to infer, that the 
clay of the earthen retort, being thus heated, deftroys for a 
time the aerial form of whatever air is expofed to the outiide 
of it ; which aerial form it recovers after it has been tranfm.it- 
ted in combination from one part of the clay to another, till it 
has reached the infide of the retort, while the water is drawn 
through it in the contrary direction. 

Had this hypotheiis been propofed a priori, it would, I doubt 
not, have been thought more extraordinary than the converiion of 
water into air. I propoie to make many other experiments in 
the profecution of thefe; but till I have an opportunity of 
doing this, I (hall not trouble the Society with any conjectures 
that have occurred to me on the fubjech. 

The great difficulty with refpect to the experiment with the 
lens is, that the water mould pafs through the retort one way, 
and the air the other, and yet that the air mould not be able- 
to pafs without the water. It is alio not a little extraordinary,, 
that the weight of the air and that of the water fhould be fo 
nearly equal. 

In the laft place I muff obferve, that there is nothing in this 
experiment that contradicts the idea of the converiion of water 
into air, though it does not prove it : for (till the experiment 
with the tobacco-pipe, in which the fleam is made red-hot 
(whereas in that with the lens it is only of a boiling heat); 
cannot be explained fo well on any other hypotheiis any more 
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than Mr. cavendish's experiment on finding water on the 
decompofition of air. 

I cannot conclude this account without acknowledging my 
obligation to Mr. barker for the ufe of his incomparable lens ? 
and his obligingly affifting me in the management of it. Indeed, 
without this very inftrument, or one of greater power than my 
own, I do not know that the laft mentioned experiments could 
have been made at all ; certainly not to to much fa tis faction. 




